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Q 15t glimpse of HyperSizer Basic

a Get familiar with ABD matrix computations



,.).

Q 1stglimpse of HyperSizer Basic

Q Get familiar with ABD matrix computations

Q Why?
o HyperSizer smeared stiffness formulation



a HyperSizer panel stiffness approach
O Isotropic plate stiffness relations

O Metallic sheet examples
o Mechanical loads
o Thermal loads
o Superimposed pressure

mhﬂ'
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Panel Stiffness
Approach




Panel Stiffness - Technical Approach

S

Local Stiffness Global Stiffness

- /o

K, =
B D
Jh
'\ T “smeared stiffness”
f
[45/90/90/-45/0/0/90/0]s
ungidizer
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Panel Stiffness - Technical Approach

,.).

® Stiffened panel constitutive equation
® [A] = membrane
® [D] = bending
® [B] = membrane-bending coupling

< =2
m >
O
]
< =2
_l

; peidizer
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Panel Stiffness - Technical Approach
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Panel Stiffness - Technical Approach

,.).

4
A

O Classical Lamination Classical lamination theory >y
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: k=1 / /L L/
stiffened cross I ATH =15 NN ANNANNNNN
sectional shape he| MY -2,//}::3 LS

(hic-1 - hyg) z

O General panel
behaviors, are lmplemematlon of classical v
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O Balanced free-body loads Ny ﬂTorque,FZMxy

: FEA el g

o User-defined input

¥

"g"m g

AT M //
(Temperature) Y /
Nyy < < << <— - - <« <

//4/7////
’73 Torquey =2Myy

I/ST-SZICollier

=
Thermoelastic Formulations W,zer
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O Balanced free-body loads Ny ﬂrom.ue,(:zm,(Y

: FEA S LTSS

\\

o User-defined input > Nyy
/ ¥ ¥ ¥ ¥ /
. : 7 g ™ AG g 7
O Consistently applied Ny < / g g 77 . —>
thermoelastic P i g My / e
formulations guarantee — g 7
o Equilibrium of forces 4
/ S A
N -(—-(—-(—-(—-(—-(—4—-(—4.— Z

//4/7////
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Isotropic Plate
Stiffness
Relations



Isotropic Plate Stiffness

Plane Stress Constitutive Equations

 Compliance

1 v
g E E o,
g |= il l 0 ||o
P E £ 2
V12 1 4P
0 0 —
L Glz_

14 Ungr izer
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Isotropic Plate Stiffness

)
Plane Stress Constitutive Equations
 Compliance Q Stiffness
1o ] (E vE ]
£, E E 1-v* 1-v? .
v 1 vE E 1
= = 0 =
L‘%} E E =7 157 0 ﬂ%}
12 0 0 L 0 0 G, Y12
L GIZ_ L _

15 ypeidizer
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Isotropic Plate Stiffness

)
Plane Stress Constitutive Equations
 Compliance Q Stiffness
1o ] (E vE ]
£, E E 1-v* 1-v? .
v 1 vE E 1
= = 0 =
L‘%} E E =7 157 0 ﬂ%}
12 0 0 L 0 0 G, Y12
L GIZ_ L _

Poisson term 1
for plates l-v

16 UnST izer
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ABD Matrix of Isotropic Plate

Et Et
_ = 9 0 0 0
1—-v 1—-v
Et  Et
N _ 0 0 0 0 [T
X 1—-v 1-v X
N, 0 0 Gt 0 0 0 | &
N, _ Et’ vEt’ 7§y
Y 0 0 0 : ~ 0
X 12(1—v ) 12(1—V ) K,
iﬂﬂy 0 0o o _E Et 0 o
s 12(1—1/2) 12(1—1/2) L%
Gt’
0 0 0 0 0 -
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ABD Matrix of Isotropic Plate

| Et Et
_ = 9 0 0 0
1—-v 1—-v
Et  Et
NI _ 0 0 0 0 [T
X 1—-v 1-v
N, 0 0 Gt 0 0 0 | &
N, _ Et’ vEt’ 7/;)y
Y 0 0 0 : ~ 0
X 12(1—v ) 12(1—V ) K,
iﬂﬂy 0 0o o _E Et 0 o
s 12(1—1/2) 12(1—1/2) L%
Gt’
0 0 0 0 0 -
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ABD Matrix of Isotropic Plate

).).
Membrane Bending
Et B Et’

An:Azzzl_Vz Dy =Dy, 12(1—1/2)
A,=A,=Ayv D,=D, =D,V
A_l = %_1 :L -1 -1 12

: 2 Et D11 — D22 E

1 1 1
A, =A =-AV D1_21 — Dz_ll —Dl_llv

19 UnST izef
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—
Examples

2 Himpsidizer
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Isotropic Plate Force and Moment Exercises

,.).

Perform several exercises to verify the physics of the
ABD matrix in using HyperSizer’s operation user-
defined loads

3 Specified Strain

3 Specified Force

a Uniform AT

A Through-Thickness AT
Q Pressure

peidizer

© 2010 Collier Research Corporation



Set up for Demo Problem

Copy an Isotropic: ‘AL 7075’ and rename to ‘FBD Example’
Set properties

E. =E, =10 Msi

G = 3.846154 Msi

v=0.3

oa=12 6

Setup Group sizing bounds thickness equal to .1”

Set Ultimate Load Factor =1.0

fgersizer

© 2010 Collier Research Corporation.



Examples with Isotropic Plates

,.).
Isotropic Plate

E =10 Msi

v=0.3

G=3.846154 Msi

Plate Thickness, t=0.1"

CTE, a=12 uin/in

Membrane Bending
Bt (10)0.1) 5 __ EC _(10)0.1)
A = 1—v2 0091 12(0-vY)  12(0.91)
—1.0989 x10° 1b/in =915.81b/in

peidizer

© 2010 Collier Research Corporation.



The Free Body Diagram Tab

e Entry of Loads and Boundary Conditions

f Concepts T Design-to Loads T

Failure T Buckling

T Motes

Variables T FED T

Dbject Loads |

Computed Properties

T Options

rInput (Per Load Case)

SFULTIMATE-MECHANICAL* Load Case #1 "one” (Mechanical Set #101, The

f* Mechanical Load Set £101 "Load Set 101
(" Thermal Load Set £201 “Load Set 201°

rmal Set #201)

P, i My, iy

My, ey O
j|Cu:unstrainej|CDnstrainEleDnstraineﬂ|Lu:-au:l

f'“ My, X My, =y Moy, ey
{« User Loads Applied Unit Value |Load j|LDad ﬂ|LDad
For 5trength Analysis |Free

For Buckling Analysis [Constrained

Deformatitn |
D Beam-Column Moments

rsuperimposed Loads
D Panel Pressure

P et tetle L PR
= =Ste o

r Point Free Body Diagram [Constant Forces)

il H
P
Ny
Initial Inperfection o | N
h.l
Xy
[ Zero Out FEA Computed Moments |FL'-:ED Boundary Condition j
Pl Py Jx Qy
mMidspan (g 0 0 0 . a (X length)
EdgeCntr |p 0 0 0 _ Moy oY b ¥ length} |30
=l Ll
— Free Body Diagram Cutput (Controlling Factored Loadcase]
Controlling Analysis Load: BUCKLING M, ax My, 2y Mooy, oy P, a My &y My, iy O Qy
Virtual Loads
Design-to Loads
Design-to Deformation |g 0 0 0 0 0 -

© 2010 Collier Research Corporation.



Ex 1 - Applied ¢, Constrained €y 5

—Input [Per Load Case}

LIMIT-MECHANIZAL** Load Case #1 "one” [Mechanical 5et #101, Thermal Set #201) ﬂ
f*" Mechanical Load Set #101 “Load Set 101°

(™ Thermal Load Set #201 "Load Set 201° Pressure D |:|

T P, £x My, ey Mgy, oy P, e My, iy Py, aoy 053 Oy

i UserLoads Applied Unit Yalu Defnrmatinﬂ|ConstraimﬂlCnnstrainﬁjlCnnstraimﬂltnnstraimﬂ|Constraimﬂ|Lnad ﬂ|Luad j
For Strength Analysis| (0,001
Faor Buckling Analysis| 0,001

OIOUONONNNNNN

What will the loads look like?

l_><
A
\
m
>

X Positive, negative or zero?

S S S

Himerdizer



Ex 1 - Applied g,, Constrained g,

—Input (Per Load Case]

~

e

M

I

**LMIT-MECHANICAL** Load Case #1 "one” [Mechanical et #101, Thermal Set #201)

{(* Mechanical Load Set #101 “Load Set 101
" Thermal Load Set #201 “Load Set 201°

Pl

[ ]

My, &y

I

Jx

[ ]
[ ]

(* User Loads Applied Unit Value Defu:urmati-jltu:u

Moy, ey
nstrainfﬂl(unstraineﬂl

e Ly
Cunstrainfﬂ|Constraimjltu:unstrainfﬂ|Lu:uad

Sy
leDad ﬂ

For Strength Analysis (0,001

For Buckling Analysis (0,001

Nx = A&, + A5

(1.0989x10°)0.001)

1098.9

Ny — A21gx = VAIlgx

,.).

Set Ultimate Factor = 1.0

= (0.3)(1.0989 x 10 }0.001)

=329.67

Controlling &Analysis Load: STRENGT
Virtual Loads

Design-to Loads
Design-to Deformation

— Free Body Diagram Cutput (Controlling Factored Loadcase]

Mo, Ny, sy le_-.f,:r'xj.-' Pl My, xy Plagy, sy O Qy
1098.9 32967 0 0 0 0 0 0
10989 32967 0 0 0 0 il 0
0.001 i 0 0 0 0

© 2010 Collier Research Corporation.




Ex 2 - Applied N,, Free N,

rInput (Per Load Case]
| IMIT-MECHANICAL** Load Case #1 “one” (Mechanical Set #£101, Thermal Set #201] j

{* Mechanical Load Set £101 “Load Set 101" |:| |:|
™~ Thermal Load Set #3201 "Load Set 201" Pressure D |:|

f'“ M, 2 My, = oy, ey M, i My, &y My, aoey O Qy

{* User Loads Applied Unit Value]|Load j|FrEE j||Cnnstrainej|Cnnstrainej|Cnnstrainej|Cnnstrainejhnad j|Lnad j
For Strength Analysis j{1000
For Buckling Analysis J[1000

S —>
— 5 What will the strains look like?
y
< —> NX
X
-«— —




Ex 2 - Applied N,, Free N,

rInput (Per Load Case}

FHELIMIT-MECHAMICAL** Load Case #1 "one” (Mechanical Set #101, Thermal 5et #201) ﬂ
(¢ Mechanical Load Set £101 “Load Set 101" |:| |:|
" Thermal Load Set #201 "Load Set 201" Pressure I:l I:l
O M, =x My, sy P, hx

Qv
i« User Loads Applied Unit Value |Load ﬂ|FFEE J|CunstralnEJ|CDnstra|nEJ|CnnstralnEJ|CnnstralnEJ|Lu:uau:l j|LDad ﬂ

For Strength Analysizs (1000
For Buckling Analysis 1000

= AN, A A =—

-1 _(1000)=0.001

(10)(.1)
gy:Az_lle+A2_21|>l/y AZ_IIZ—

~(03) (1000) £ —0.0003

(101

Free Body Diagram Cutput (Controlling Factored Loadcase]
Controlling Analysis Load: STRENGTH M ax My, 2y i

Y, Py M, My, &y My, iy Ox Oy
Virtual Loads
Design-to Loads 1000 fi] 0 0 0 fi] fi] 0
Design-to Deformation |0.001 -2,999999E-04 [0 0 0 0

© 2010 Collier Research Corporation. e



—Input (Per Load Case)

I**LIMH-MECHANICAL** Load Case #1 "one” [Mechanical Set #101, Thermal 5et #201)

¥ Mechanical Load Set #101 "Load Set 101"
{~ Thermal Load Set #201 "Load Set 201"

Ref Temp I:I Temp

[ ]

Pressure ||:| TT Grad |:|
" FE& Loads - Projects Qnly M, £x My, ey Moy, ey Mz, My, sy My, ooy Qx Qy
{* User Loads Applied Unit Value |Free ﬂ|Free ;I Constraine_j|Def::urmatic;” Constraine_*] Constraineﬂhoad ;I Load LI
For Strength Analysis 0.01
For Buckling Analysis 0.01

What will the loads look like?



—Input (Per Load Case]

I**LIMH-MECHANICAL** Load Case #1 "one” [Mechanical Set #101, Thermal 5et #201) ;I
¥ Mechanical Load Set #101 "Load Set 101" Ref Temp I:I Temp I:I
¢ Thermal Load Set £201 “Load Set 201° pressure o | Toed [ ]

" FE& Loads - Projects Qnly M, £x My, ey Moy, ey Mz, My, sy My, ooy

Qy
¢ User Loads Applied Unit Value |Free ﬂ|Free ;I Constraine_j|Def::urmatic;”Constraine_wj Constraineﬂhoad ;I Load LI
For Strength Analysis 0.01
For Buckling Analysis 0.01

What will the loads look like?

— Point Free Body Diagram [(Constant Forces)

a [¥ length)

e Hggardizer




Ex 3 - Applied K, Constrained K,

rInput (Per Load Case)

-~

M, ex

Ny, =y

*HUMIT-MECHANICAL** Load Case #1 "one” [Mechanical 5et #101, Thermal Set #201)

f* Mechanical Load Set #101 “Load Set 101°
" Thermal Load Set #201 “Load Set 201

Pressure

[ ]
b ]

[ ]
[ ]

{¢ User Loads Applied Unit Value

Free

ler;E

My, ey M, My, xky Wy, ooy O
ﬂ|Constraineﬂ|Deformaticﬂ|Constraineﬂl(unstrainejlLu:uau:l

Qy
leoad j

Far Strength Analysis

0.01

For Buckling Analysis

0.01

Free Body Diagram Output (Controlling Factored Loadcase)

Mx = D, x, + D,/
(915.8)(0.01)

9.158

My — D21Kx — VDIIKX

=(0.3)(915.8)(0.01)

=2.747

,.).

Controlling Analysis Load: STREMNGTH M sx My gy Moy ey Pl ac My &y Il ooy Ox
Wirtual Loads 0 0 0 915751 274725 0 0
Design-to Loads 0 0 0 915751 274725 IL‘I 0
Design-to Deformation |g 0 0 0.01 0 ICI

© 2010 Collier Research Corporation.




rInput (Per Load Case]

Ex 4 - Applied M_,

Free My

FLIMIT-MECHAMICAL** Load Case #1 "one” (Mechanical 5et #101, Thermal 5et #201)

{* Mechanical Load Set #101 “Load Set 101°
(" Thermal Load Set #201 “Load Set 201°

L [ [ ]

" I, &x My, cy Iy, yy Polag, a ly, &y sy, ooy e Qy
(¢ IUser Loads Applied Unit Value |Free ﬂ|Fr’EE ﬂ|FrEE _‘-J|Lnad ﬂ|FrEE ﬂ Cnnstraineﬂhnad ﬂ|Luad ﬂ
For Strength Analysis 100
For Buckling Analysis 100
T i What will the strains look like?
y i |
I\/IX
« |




Ex 4 - Applied M,, Free M,

rInput [Per Load Case)

*HLIMIT-MECHAMICAL* Load Case #1 "one” (Mechanical 5et #101, Thermal Set #201) ﬂ
* Mechanical Load Set #101 “Load Set 101° |:| |:|
™ Thermal Load 5et #201 “Load Set 201° Pressure D I:I

- M, ¢ My, ey, oy Mz, ax My, &y Py, iy Qx Qy

{* Iser Loads Applied Unit Value |Free j|FrEE j|FrEE ﬂ|LDad j|FrEE j|CDnstrainEj|Lnad j|LDad ﬂ
For Strength Analysis 100
For Buckling Analysis 100

_ _ _ 12
Ky = DlllMx + D121My Dnl :E

12
~(tox10°).1)

x,=D;IM, + D3, D

22 y

-(100)[=0.12

4 —12v
Et?

~12(0.3)
(10x10°).1)’

Free Body Diagram Output [Controlling Factored Loadcase)

(100)E—0.036

Controlling Analysis Load: STREMGTH M sx My ey oy, oy Pl ac My ky My, ooy O Oy
Virtual Loads
Design-to Loads li] 0 0 100 0 0 0 0
Design-to Deformation [g 0 0 0,12 -3.599999E02 |0 zer
© 2010 Collier Research Corporation.




Example of “anticlastic bending.”
Curvatures have opposite signs.

Free Body Diagram Cutput (Controlling Factored Loadcase)
Controlling Analysis Load: STRENGTH M, ax

Virtual Loads
Design-to Loads
Design-to Deformation

Ny, &y Moy, ey M, e My, #y | Iy, gy Qx
0 0 0 100 0 lo 0
0 0 0 o1z -3.509999E-02 o

jzer



,.).

rInput (Per Load Case)
I**ULHMATE-THERMAL** Load Case #1 "one” [Mechanical 5et #101, Thermal 5et #201) vl
™ Mechanical Load Set #101 "Load Set 101 Ref Temp Temp
i+ Thermal Load Set £201 "Load Set 201" Pressure |:| 1T Grad D
(" FEA Loads - Prajects Cinly M, My, 2 ey, ey M, axe AL, iy e W
{* User Loads Applied Unit Yalue Constraine;”(:onstraine;l Constraineﬂ|Constraine;”(:onstrainell Constraine;”Load ;I Load ﬂ
For Strength Analysis
For Buckling Analysis

NOONNNNNNN

<

What will the loads look like?

Positive, negative or zero?

\/////////



Ex 5 -Thermal: Applied AT Constrained

—Input (Per Load Case]

**ULTIMATE-THERMAL** Load Case #1 "one” (Mechanical 5et #101, Thermal Set #201} ﬂ
(" Mechanical Load Set #101 "Load Set 101° Ref Temp Temp
f* Thermal Load Set #201 "Load Set 201° |:| 1T Grad CI
" M, 2 My, gy My, ey M, My, &y M Qi

¢ Y, Ay Qy
{+ UserLoads Applied Unit Value Cnnstrainejknnstrainej|Cnnstrainejll:unstrainej|Cu:unstrainej|Cnnstrainejhnad j|LDad j
For 5trength Analysis

For Buckling Analysis

— Free Body Diagram CQutput (Controlling Factored Loadcase)

Controlling Analysis Load: BUCKLINE M, ax My, =y Mgy, py I, a Iy, &y Ilacy, ey Qn Qy
Virtual Loads -1714.29 -1714.29 i 0 0 0 0 0
Design-to Loads 171429 171429 0 0 0 0 0 0
Design-to Deformatior] (-p.0012 00012 i 0 0 0

© 2010 Collier Research Corporation. !; E e



Ex 5 -Thermal: Applied AT Constrained

—Input (Per Load Case]

**ULTIMATE-THERMAL** Load Case #1 "one” (Mechanical 5et #101, Thermal Set #201} ﬂ

(" Mechanical Load Set #101 "Load Set 101° Ref Temp Temp
f* Thermal Load Set #201 "Load Set 201° |:| 1T Grad CI

- Plx, o My, =y Py, Fy Wi, e My, &y My, oy Qx Qy

{+ UserLoads Applied Unit Value Cnnstrainejknnstrainej|Cnnstrainejll:unstrainej|Cu:unstrainej|Cnnstrainejhnad j|LDad j
For 5trength Analysis
For Buckling Analysis

Thermal Strain

gy = g)T, = aAT
= (12x107)100)
=0.0012

— Free Body Diagram CQutput (Controlling Factored Loadcase)

Controlling Analysis Load: BUCKLINE M, ax My, =y Mgy, py I, a Iy, &y Ilacy, ey Qn Qy
Virtual Loads -1714.29 -1714.29 i 0 0 0 0 ]
Design-to Loads 171429 171429 0 0 0 0 0 0
Design-to Deformatior] (-p.0012 00012 i 0 0 0

© 2010 Collier Research Corporation. !; ; e



Ex 5 -Thermal: Applied AT Constrained

—Input (Per Load Case]

~

For 5trength Analysis
For Buckling Analysis

M, =

My, =y

Py, Fy

**ULTIMATE-THERMAL** Load Case #1 "one” (Mechanical 5et #101, Thermal Set #201}

(" Mechanical Load Set £101 "Load Set 101"
f* Thermal Load Set #201 "Load Set 201°

[ ] o

P, i By, ky O

Pty

Temp

Bl

¢ Y
{+ UserLoads Applied Unit Value Cnnstrainejknnstrainej|Cnnstrainejll:unstrainej|Cu:unstrainej|Cnnstrainejhnad

Qy
j|LDad

El

Thermal Strain

T _ T _
& =&, =aAT

Strain Actual

(Computed Properties Tab)

Design-To Strain

Deformation Design-To _ 6%%“ _
X — X
6 Strain ¥ | | o
= (12x10*)100) | =—0.0012
Strain ¥ | | o
=0.0012
— Free Body Diagram CQutput (Controlling Factored Loadcase)
Controlling Analysis Load: BUCKLINE M, ax My, =y Mgy, py I, a Iy, &y Ilacy, ey Qn Qy
Virtual Loads -1714.29 -1714.29 i 0 0 0 ]
Design-to Loads 171429 171429 0 0 0 0 0
Design-to Deformation] |.0.0012 00012 i fu] 0

© 2010 Collier Research Corporation.




Ex 5 -Thermal: Applied AT Constrained

—Input (Per Load Case]

(" Mechanical Load Set £101 "Load Set 101"
f* Thermal Load Set #201 "Load Set 201°

~
e

M, =

My, =y

Py, Fy

**ULTIMATE-THERMAL** Load Case #1 "one” (Mechanical 5et #101, Thermal Set #201}

P, i By, ky

[ ] o

Mlaey, oy

O

Bl

For 5trength Analysis

User Loads Applied Unit Value Cnnstrainejknnstrainej|Cnnstrainejll:unstrainej|Cu:urnstrainej|C-:ur‘:strainejhnad

Qy
j|LDad

El

For Buckling Analysis

Thermal Strain
£y = E)T, = aAT
= (12x107)100)
=0.0012

Strain Actual

(Computed Properties Tab)

Strain X

Sirain Y

Deformation

BE

BE

Design-To Force

Design-To __ Design-To Design—-To
N X - A1ng + A128

y

Design-To Strain

Design—-To

X

= (1.0989 x 10° - 0.0012)+ (0.3)(1.0989 x 10° ~ 0.0012)
— _17143

_ ual T
— ‘5% — &y

=-0.0012

— Free Body Diagram CQutput (Controlling Factored Loadcase)

Controlling Analysis Load: BUCKLINE M, ax My, =y Mgy, py I, a Iy, &y Ilacy, ey Qn Qy
Virtual Loads -1714.29 -1714.29 i 0 0 0 0 0
Design-to Loads 171429 171429 0 0 0 0 0 0
Design-to Deformatior] (-p.0012 00012 i 0 0 0

© 2010 Collier Research Corporation.
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— Input (Per Load Case)
I**ULHMATE-THERMAL** Load Case #1 "one” [Mechanical 5et #101, Thermal 5et #201) LI

™ Mechanical Load Set #101 "Load Set 101 Ref Temp Temp
% Thermal Load Set #201 “Load Set 201" Pressure |:| 1T Grad D

e Illae e

(" FEA Loads - Prajects Cinly r Ll Lo oo r Lty Libotony Qy
¢ User Loads Applied Unit Valug |Free ;”Free ;I Free ﬂ|Free ;”Free LI Free Llﬁ:ad ;I Load ﬂ

For Strength Analysis
For Buckling Analysis

What will the loads look like?
Positive, negative or zero?

<

Hipsrdizer



Ex 6 -Thermal: Applied AT Free

*FULTIMATE-THERMAL** Load Case #1 “one” [Mechanical Set #101, Thermal Set #201) j

(™ Mechanical Load Set #101 “Load Set 101° Ref Temp Temp 200

¢ Thermal Load Set £201 “Load Set 201° I:I 1T Grad D

o M, £ My, =y Moy, oy M, My, iy Wy, ey Qu Qy

{o User Loads Applied Unit Value |Free ﬂ|Free ﬂ|Free ﬂlFree leree ﬂlFree ﬂ|Lnad j|Lnad j
Far Strength Analysis

Far Buckling Analysis

— Free Body Diagram Cutput (Controlling Factored Loadcase]

Controlling Analysis Load: BUCKLING M ax My, =y Mgy oy Il ae Iy, ey
Wirtual Loads

Design-to Loads
Design-to Deformation g

© 2010 Collier Research Corporation. !; ; e
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Ex 6 -Thermal: Applied AT Free

*FULTIMATE-THERMAL** Load Case #1 “one” [Mechanical Set #101, Thermal Set #201) j

(™ Mechanical Load Set #101 “Load Set 101° Ref Temp Temp 200

¢ Thermal Load Set £201 “Load Set 201° I:I 1T Grad D

o M, £ My, =y Moy, oy M, My, iy Wy, ey Qu Qy

{o User Loads Applied Unit Value |Free ﬂ|Free ﬂ|Free ﬂlFree leree ﬂlFree ﬂ|Lnad j|Lnad j
Far Strength Analysis

Far Buckling Analysis

Thermal Strain

T _ T _
, =&, =aAT

= (12x107)100)
=0.0012

&

— Free Body Diagram Cutput (Controlling Factored Loadcase]
Controlling Analysis Load: BUCELING Mg ax

Ny, £y Ny, ey I i My, iy Whey, iy Qx Qy
Virtual Loads

Design-to Loads

Design-to Deformation g 0 0 [u] 0 0

© 2010 Collier Research Corporation. !; ; e



Ex 6 -Thermal: Applied AT Free

—Input (Per Load Case)
*FULTIMATE-THERMAL** Load Case #1 “one” [Mechanical Set #101, Thermal Set #201) j
(™ Mechanical Load Set #101 “Load Set 101° Ref Temp Temp 200
¢ Thermal Load Set £201 “Load Set 201° 1T Grad D
- Mo, 2 My, ey Moy, Il e My, sy My, ey Qe Qy
{o lser Loads Applied Unit Value |Free ﬂ|Free ﬂ|Free ﬂlFree leree ﬂlFree ﬂ|Lnad j|Lnad j
Far Strength Analysis
Far Buckling Analysis

Strain Actual
(Computed Properties Tab)

Thermal Strain

T T
EX =& y = CZAT Deformation

- (12x107)100) e : ootz |
~0.0012

| |p.oo1z \

— Free Body Diagram Cutput (Controlling Factored Loadcase]
Controlling Analysis Load: BUCKLING M ax My, =y Mgy oy Il ae
Wirtual Loads

Design-to Loads
Design-to Deformation g

Moy, ey by, iy Qx Qy

© 2010 Collier Research Corporation.

Zypeoizer



Ex 6 -Thermal: Applied AT Free

—Input (Per Load Case)
*FULTIMATE-THERMAL** Load Case #1 “one” [Mechanical Set #101, Thermal Set #201) j
(" Mechanical Load Set #101 "Load Set 101 Ref Temp Temp 200
{(+ Thermal Load Set #201 “Load Set 201 TT Grad D
{ T, e My, zy Moy, yy I, e My, wy Wy, wey O Qy
{o User Loads Applied Unit Value |Free ﬂ|Free ﬂ|Free ﬂlFree leree ﬂlFree ﬂ|Lnad j|Lnad j
Far Strength Analysis
Far Buckling Analysis
Strain Actual
Thermal Strain (Computed Properties Tab) Design-To Strain
T T
= = i Actual T
€x & y aAT Deformation N =g,
B Strain X 00012 :
— (12 %10 6Xl 00) | | | | | goesign-To _ Actual &l
Strain ¥ | ‘ |0,@012 ‘ X X
=0.0012 =0.0
— Free Body Diagram Cutput (Controlling Factored Loadcase]
Controlling Analysis Load: BUCELING Mg ax My, =y Moty oy Pl Py, iy Py, ancy O Qy
Wirtual Loads
Design-to Loads
Design-to Deformation g 0 0 [i] [u] 0

© 2010 Collier Research Corporation.

aypeToIZer



Ex 6 -Thermal: Applied AT Free

*FULTIMATE-THERMAL** Load Case #1 “one” [Mechanical Set #101, Thermal Set #201) j

(™ Mechanical Load Set #101 “Load Set 101° Ref Temp Temp 200

¢ Thermal Load Set £201 “Load Set 201° I:I 1T Grad D

o M, £ My, =y Moy, oy M, My, iy Wy, ey Qu Qy

{o User Loads Applied Unit Value |Free ﬂ|Free ﬂ|Free ﬂlFree leree ﬂlFree ﬂ|Lnad j|Lnad j
Far Strength Analysis

Far Buckling Analysis

Strain Actual
(Computed Properties Tab)

Thermal Strain
T

Design-To Strain

T
= = i Actual T
Ey =&y = aAT Deformation £, Cal _ £,
Strain X | ‘ |0.0CI 17 ‘ _
= (12 X 10_6 Xl 00 Design-To _ _Actual _ T
) Strain ¥ | ‘ |0,@012 ‘ & Ey &y
=0.0012

=0.0

Design-To Force

Design—-To __ sign—To sign—To
N, = An% + Au%
=0.0

— Free Body Diagram Cutput (Controlling Factored Loadcase]

Controlling Analysis Load: BUCKLING M ax My, =y Mgy oy Il ae Iy, ey
Wirtual Loads

Design-to Loads
Design-to Deformation g

© 2010 Collier Research Corporation. !; ; e

by, iy Qx Qy




,.).

—Input (Per Load Case]

I**ULHMATE-TH ERMAL** Load Case #1 "one” (Mechanical 5et #101, Thermal 5et #201) j
(" Mechanical Load Set £101 “Load Set 101° Ref Temp Temp
(* Thermal Load Set #201 "Load Set 201" pessue [ | TGed |
{" FEA Loads - Projects Cnly i e — L

: Ly Ll ey Dl x 2y
{* User Loads Applied Unit Valu ConstraineL”Free ;I Free ;”Free ﬂ|Free ;I Free L”llcuad ;I Load ;I
For Strength Analysis 1

For Buckling Analysis

<

What will the loads look like?
Positive, negative or zero?

Hipsrdizer



Ex 7 —Applied AT Partially Constrained

—Input (Per Load Case)

-~

For Strength Analysis
For Buckling Analysis

P, %

My, &y
(¢ User Loads Applied Unit Value CDnstraineﬂlFree

Moy, ey
j|Free

#*UULTIMATE-THERMAL** Load Case #1 "one” (Mechanical Set #101, Thermal Set #201)
™ Mechanical Load Set £101 “Load Set 101
f¢ Thermal Load Set £201 “Load Set 201°

P, ix

RefTemp

Iy, &y

Temp
TT Grad

[
b ]

leree

j|Free

My, ey
leree

Qx
leaad

Qy
j|LDad j

— Free Body Diagram Cutput (Controlling Factored Loadcase]

Controlling Analysis Load: BUCELING N ax My, =y Moy, vy P, e My, iy Py, wey e Oy
Virtual Loads -1200 [u] 0 0 0 0 ] 0
Design-to Loads -1200 0 0 0 0 0 0 0
Design-to Deformation [g.0012 3.599999E-04 |0 0 0 0
© 2010 Collier Research Corporation.




Ex 7 —Applied AT Partially Constrained

—Input (Per Load Case)

#*UULTIMATE-THERMAL** Load Case #1 "one” (Mechanical Set #101, Thermal Set #201)
™ Mechanical Load Set £101 “Load Set 101

RefTemp

[

=
(¥ Thermal Load Set #201 “Load Set 201° TT Grad Cl
- M, 2x My, 2y My, ey Wi, i Wy, &y My, gy Qx Qy
{* User Loads Applied Unit Value CDnstraineﬂlFree j|Free leree j|Free leree leaad j|LDad j
For Strength Analysis
For Buckling Analysis
Thermal Strain
T T
g, =&, =aAT
y
= (12x107)100)
— Free Body Diagram Cutput (Controlling Factored Loadcase]
Controlling Analysis Load: BUCELING N ax My, =y Moy, vy P, e My, iy Py, wey e Oy
Virtual Loads -1200 0 0 0 0 0 0 0
Design-to Loads 1200 0 0 0 [u] [u] 0 0
Design-to Deformation [g.0012 3.599999E-04 |0 0 0 0
© 2010 Collier Research Corporation.




Ex 7 —Applied AT Partially Constrained

—Input (Per Load Case)

For Buckling Analysis

#*UULTIMATE-THERMAL** Load Case #1 "one” (Mechanical Set #101, Thermal Set #201) j
{~ Mechanical Load Set #101 "Load Set 101" Ref Temp Temp
f¢ Thermal Load Set £201 “Load Set 201° 1T Grad Cl
f'“ M, 2 My, Moy, ey Ml i My, iy My, gy
{* User Loads Applied Unit Value CDnstraineﬂlFree j|Free leree j|Free leree

For Strength Analysis

Qx Qy
leaad j|LDad j

Thermal Strain

T _ T _
, =&, =aAT

= (12x107)100)
=0.0012

&

Strain Actual

(Computed Properties Tab)

Deformation
Strain X | | |0 |
Strain ¥ | | [p.oo1se |
Actual _ T T
Ey = 6‘y + Ve,

=0.00156

— Free Body Diagram Cutput (Controlling Factored Loadcase]
Controlling Analysis Load: BUCELING N ax My, =y Moy, vy P, e My, iy Py, wey e Oy
Virtual Loads -1200 [u] 0 0 0 0 0 0
Design-to Loads -1200 0 0 0 0 0 0 0
Design-to Deformation (0.0012 3.509999E04 |0 0 0 0
© 2010 Collier Research Corporation.
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Ex 7 —Applied AT Partially Constrained

—Input (Per Load Case)

#*UULTIMATE-THERMAL** Load Case #1 "one” (Mechanical Set #101, Thermal Set #201) j
{~ Mechanical Load Set #101 "Load Set 101" Ref Temp Temp
f¢ Thermal Load Set £201 “Load Set 201° 1T Grad Cl
f'“ M, 2 My, gy Moy, Ml i My, iy My, gy Qx Qy
{* User Loads Applied Unit Value CDnstraineﬂlFree j|Free leree j|Free leree leaad j|LDad j

For Strength Analysis
For Buckling Analysis

Thermal Strain

Strain Actual

(Computed Properties Tab)

Design-To Strain

T T
— — A Actual T
g, = gy =aAT Deformation N Ctual _ £,
6 Strain X | | o | _

_ (12 %10 Xl 00) | gDeS|gn—To _ é)?ctual _ gT

Strain Y | | |o,oo 156 | b X
=0.0012 Actual _ T T =—-0.0012

& =&, +V&
y y X
= 000156 Design—To __ _ Actual T
€y =&y — &y
Design—T
£y ™ =(0.00156)—(0.0012)
=0.00036
— Free Body Diagram Cutput (Controlling Factored Loadcase]
Controlling Analysis Load: BUCELING N ax My, =y Moy, vy P, e My, iy My, gy O Oy
Virtual Loads -1200 [u] 0 0 0 0 0
Design-to Loads 1200 0 0 0 [u] L] 0
Design-to Deformation [g.0012 3.599999E-04 |0 0 0 0
© 2010 Collier Research Corporation.




Ex 7 —Applied AT Partially Constrained

Thermal Strain

—Input (Per Load Case)

#*UULTIMATE-THERMAL** Load Case #1 "one” (Mechanical Set #101, Thermal Set #201) j
{~ Mechanical Load Set #101 "Load Set 101" Ref Temp Temp
f¢ Thermal Load Set £201 “Load Set 201° 1T Grad Cl
f'“ M, 2 My, gy Moy, Ml i My, iy My, gy Qx Qy
{* User Loads Applied Unit Value CDnstraineﬂlFree j|Free leree j|Free leree leaad j|LDad j

For Strength Analysis
For Buckling Analysis

Strain Actual

(Computed Properties Tab)

Aug)l(Design—To + Ajzgy

8; =& ; = aAT Deformation

Sirain X

= (12x107*)100) e | g '
Strain ¥ | | [p.oo1se |

=0.0012

ey =g +veg
=0.00156
Design-To Force
N Design—-To — Design—-To

= (1.0989 % 10° = 0.0012)+ (0.3)(1.0989 x 10° }.00036)

=-1200

Design-To Strain

gXActuaI :gl'

gDesign—To — é)?Ctual _gl'
=-0.0012

8)I§)esign—To — gﬁctual —g;

£y ™ =(0.00156)—(0.0012)

=0.00036

— Free Body Diagram Cutput (Controlling Factored Loadcase]
Controlling Analysis Load: BUCELING N ax My, =y Moy, vy P, e My, iy Py, wey e Oy
Virtual Loads -1200 [u] 0 0 0 0 0 0
Design-to Loads -1200 0 0 0 0 0 0 0
Design-to Deformation (0.0012 3.509999E04 |0 0 0 0
© 2010 Collier Research Corporation.




Ex 8 — Thru-Thickness AT, Edges Free
,.).

rInput (Per Load Case)
_ AT=1000 F
**ULTIMATE-THERMAL** Load Case #1 "one” [Mechanical 5et #101, Thermal Set #201} hd
™ Mechanical Load Set #101 “Load Set 101° Ref Temp Temp 100
{+ Thermal Load Set #201 “Load Set 201° TTGrad  [1000
" M, 2 My, &y ey, ey M, i My, 1y Ay, iy (853 (o7}
{ Iser Loads Applied Unit Value |Free ﬂ|FrEE ﬂ|FrEE ﬂ|FrEE ﬂ|FrEE ﬂ|FrEE ﬂ|Lﬂad ﬂ|Lnad ﬂ
For Strength Analysis
Faor Buckling Analysis

What will the strains look like?

— Point Free Body Diagram (Constant Forces)

a (X length} |30 =
i Hyperdizer



Ex 8 — Thru-Thickness AT, Edges Free
,.).

rInput (Per Load Case}
*ULTIMATE-THERMAL** Load Case #1 “one” [Mechanical Set #101, Thermal Set #201) j
{~ Mechanical Load Set £101 “Load Set 101° Ref Temp Temp
e Thermal Load Set £201 "Load Set 201" I:I 1T Grad 1000
- M, Ny, =y Moy, ey M, i My, ity My, aey O Qy
{* UserLoads Applied Unit Value |Free j|Free leree leree leree leree leoad j|Load j
Far Strength Analysis
Far Buckling Analysis

Z
y
X
T,=0F
Deformation
Strain | | [0.0008 |
Strain¥ | | [0.0008 |
Curvature X | | [-0.012 |
Curvature ¥ | | |_c|,m_2 |
Midspan | | 135 |
Deflection
— Free Body Diagram Cutput (Controlling Factored Loadcase]
Controlling Analysis Load: BUCKLING M sx My ey oy, oy Moo, aec My, ey My, ooy Ox Qy

Virtual Loads
Design-to Loads

Design-to Deformation (g 0 0 fi 0 0 rer@



rInput (Per Load Case]

FFLUIMIT-MECHANICAL** Load Case #1 "one” [Mechanical 5et #£101, Thermal Set £201}

{* Mechanical Load Set #101 "Load Set 101"
{~ Thermal Load Set #201 "Load Set 201"

Pressure  |_100 TT ara
{" FEA Loads - Projects Cnaly M, 2t My, 2y My, oy W, i My, TVTAY, oy =) Qy
f* UserLoads Applied Unit Value |Free d|FrEE LI Free L”Free ;”Free ﬂ Free d|Luad LI Load LI
For 5trength Analysis

For Buckling Analysis

- Superimposed log
Panel Pressure D Beam-Column Moments

L

xF=EISISa=o
e Smoa

P

Initial Imperfection D

[ Zero COut FEA Computed Moments ISIMF‘LE Boundary Cnnditiﬂrll

2 oyl b

|

}

b

© 2010 Collier Research Corporation.



Ex 9 - Panel Pressure

rInput {Per Load Case}

{¢ Mechanical Load Set #101 “Load Set 101"
(" Thermal Load Set #201 "Load Set 201°

- T, 2 My,

My, ey

|**LIMl'I'-I"-1ECHANIC&L** Load Case #£1 "one” [Mechanical Set #101, Thermal Set £201)

Pz, e

My, #y

Maey, gy

x

zy
ﬂ|Free

o User Loads Applied Unit Value |Free

ﬂ|Free

ﬂ|Free

ﬂ|Free

ﬂ|Fre;

j|Load

j|Lnad

Far Strength Analysis

For Buckling Analysis

rSuperimposed Loads

Panel Pressure D Eeam-Column Moments

N R |

Wk R ® Epf F F AAn

Initial Imperfection D

[ zero Out FEA Computed Moments |siupLE Boundary Conditior - |

I My Qx Qy
MidSpan  |4309.657 4309.657 0 0
EdgeCntr |p 0 997 5873 9975873

A b

Free Body Diagram Cutput (Controlling Factored Loadecase]

b

Vo

b

- —
- P
—— —— -

N e e e - ==

Controlling Analysis Load: STRENGTH M, ex My, ey sy ey Pl e Iy, v Py, ey Qx Oy
Wirtual Loads
Design-to Loads 0 0 0 4309.66 4309.66 0 0
Design-to Deformation (g 0 0 3.620112 3.620112 0

© 2010 Collier Research Corporation.



Panel Edge Loading

,.).

Nx Nx

Single Isotropic Sheet  ——> — - R -

Jpersizer

© 2010 Collier Research Corporation.



Panel Edge Loading

Single Isotropic Sheet

B Matrix =0
No Membrane-Bending
Coupling

© 2010 Collier Research Corporation.

Jpersizer



Panel Edge Loading

Single Isotropic Sheet  ——> — - R -

B Matrix=0
No Membrane-Bending —
Coupling
M 0 K
N = Ac M = Dk :

© 2010 Collier Research Corporation. ’ze




Panel Edge Loading

,.).

Nx Nix
Symmetric Honeycomb — > —° - <

Sandwicr DINNn

(Note Reference Plane)

Jpersizer

© 2010 Collier Research Corporation.



Panel Edge Loading

,.).
Nx Nx
Symmetric Honeycomb — > —° - ——
Sandwich NN
(Note Reference Plane)
N A B £
B Matrix # 0
Membrane-bending —
Coupling is present
M B D K

yaerolzer

© 2010 Collier Research Corporation.



Panel Edge Loading

,.).
Nx Nx
Symmetric Honeycomb — > —° - ——
Sandwich NN
(Note Reference Plane)
N A B £
B Matrix # 0
Membrane-bending —
Coupling is present
M B D K

N=Ac+ Bk| [M=Bc¢ + D .
© & figerdizer

© 2010 Collier Research Corporation.



Free Body Diagram Math

Calculated by

HyperSizer
NX
N, A B
Nyy | =
MX
M, B D
M

© 2010 Collier Research Corporation.



Free Body Diagram Math

,.).
Calculated by “Knowns”
HyperSizer
N, €.
N, A B .
ny — Exy
M, K
K
M, B D iy
M,, i

W izer
© 2010 Collier Research Corporation.



Free Body Diagram Math

,.).
“Unknowns” Calculated by “Knowns”
HyperSizer

N, €.
N, A B N
N,y | — Exy
M, K

K
M, B D iy
M,, i

W izer
© 2010 Collier Research Corporation.



Free Body Diagram Math

,.).
“Unknowns” Calculated by “Knowns”
HyperSizer

N, €.
N, A B N
N,y | — Exy
M, K

K
M, B D o
M,, i

Unknowns on left, Knowns on right

W izer
© 2010 Collier Research Corporation.



Free Body Diagram Math - FEM Import

).).
FORCES
Nx
B N,
N,
M,
D My
M



Free Body Diagram Math - FEM Import

STRAINS

© 2010 Collier Research Corporation.

,.).

FORCES



Free Body Diagram Math - FEM Import

,.).
STRAINS Inverted Matrix FORCES

€, 1 | N,
N A B N,
8xy — ny
L A M,
K

y B D My
ny M

© 2010 Collier Research Corporation.



Free Body Diagram Math - FEM Import

,.).
STRAINS Inverted Matrix FORCES

€, 1 | N,
N A B N,
8xy — ny
L A M,
K

y B D My
ny M

— -1 -1
8)(- A 11 NX+A 12Ny+---

W izer
© 2010 Collier Research Corporation.



Free Body Diagram Math - FEM Import

,.).
STRAINS Inverted Matrix FORCES

€, 1 | N,
N A B N,
8Xy — ny
L A M,
K

y B D My
K

xy MX

6x6

— -1 -1
8)(- A 11 NX+A 12Ny+---

W izer
© 2010 Collier Research Corporation.



Free Body Diagram Math - FEM Import

,.).
STRAINS Inverted Matrix FORCES

€, 1 | N,
N A B N,
8Xy — ny
L A M,
K

y B D My
K

xy MX

6x6

W izer
© 2010 Collier Research Corporation.



Free Body Diagram Math - FEM Import

,.).
STRAINS Inverted Matrix FORCES

€, 1 | N,
N A B N,
8Xy — ny
L A M,
K

y B D My
K

xy MX

6x6

When coupling HyperSizer with a FEM, the FEA
computed forces are imported to compute panel strains

and curvatures this way. (At the reference plane) izef

© 2010 Collier Research Corporation.



FBD Math - Workspace Loads

,.).

Applied Unit Yalue
For Strength Analysis
For Buckling Analysis

Specifed Strain
M, == My, 2y My, ey M, i My, ry My, sy
DEFDrmatiDnj Cu:unsl:raine-:lj|cnn5trainedj Cnnstrainedj Cnnstrainedj Cnnstrainedj
.01
.01
X
A B v
Xy
-
-
K,
B D y

© 2010 Collier Research Corporation.



FBD Math - Workspace Loads

Specifed Strain

,.).

M My, 2y My, ey M, i My, ry My, sy
onskrained j|CDnstrained j Caonskrained j Zonstrained j Conskrained j

Applied Unit Walues | Deformation -
For Strength Analysis ||:|.|:|1
For Buckling Analysis

X
N, A B
Ny | _
MX
M, B D
M

Xy

© 2010 Collier Research Corporation.



FBD Math - Workspace Loads

Specifed Strain

M [ = Py, ey M, i My, ry n
Applied Unik Yalues | Deformation Dnstrainedj|cnnstrainedj Cnnstrainedj Cnnstrainedj Conskrained 3

For Strength Analysis |I:I.III1
For Buckling Analysis \Jno.o1 \

,.).

X
N, A B
Ny | _
MX
M, B D
M

Xy

© 2010 Collier Research Corporation.



FBD Math - Workspace Loads

Specifed Strain

" Py, ey M, i My, ry n
Applied Unik Yalu anskrained j|CDnstrained j Conskrained j iZonskrained j Conskrained 3

For Strength Analysis

,.).

For Buckling Analysis

X
N, A B
Ny | _
MX
M, B D
M

Xy NX - A11 gx + A12 + 0.0
© 2010 Collier Research Corporation. Ny — A21 gx o A22 + 0.0 W’zery



FBD Math - Workspace Loads

Specifed Load

,.).

M, £x My, 2y Pty ¥ M, km My, iy Pache, gy
#pplied Unit Yalue |Load j Cnnstrainedj|Cnnstrainedj Cnnstrainedj Cnnstrainedj Cnnstrainedj
For Strength Analvsis  |-100
For Buckling Analysis  |-100

2

Xy

Jpersizer

© 2010 Collier Research Corporation.



FBD Math - Workspace Loads

Specifed Load

,.).

My, 2y Pty ¥ M, km My, iy Pache, gy
- Dnstrainedj|cnnstrainedj Cnnstrainedj Cnnstrainedj Cnnstrainedj

Applied Unit Yalu
For Strength Analysis |-1IIIIII
For Buckling Analysis

y A B

Xy

X

y B D

Xy
Nx is now known, g, is unkno

© 2010 Collier Research Corporation.

groizer




FBD Math - Workspace Loads

Specifed Load

,.).

My, 2y Pty ¥ M, km My, iy Pache, gy
- Dnstrainedj|cnnstrainedj Cnnstrainedj Cnnstrainedj Cnnstrainedj

Applied Unit Yalu
For Strength Analysis |-1IIIIII
For Buckling Analysis

y A’ B’

N
ny —
MX
v v
M, B D
M,,
©201oCollierResearcépgthh NX and 8)( - Rearrange AW’-zerLv



FBD Math - Workspace Loads

Specifed Load

,.).

My, 2y Pty ¥ M, km My, iy Pache, gy
Dnstrainedj|cnnstrainedj Cnnstrainedj Cnnstrainedj Cnnstrainedj

Applied Unit Yalu
For Strength Analysis |-1IIIIII
For Buckling Analysis

A’ B’

Ny
N,,
IvIx
My
M,,

yaerolzer

© 2010 Collier Research Corporation.



FBD Math - Workspace Loads
,.).

Virtual Loads

M, 2 i Pl Py, M, i My, Ky Moy, g
Applied Unit Yalue |Load j Cu:nnslzraine-:lj|cnn5trainedj Cnnstrainedj Cnnstrainedj Cnnstrainedj

For Strength Analysis  |-100
For Buckling Analysis — |-10n0

N A" B’ iy
y y
Ex
ny | y
K
M x
X
B ’ D ’ K
M y
Y K
M i
Xy
Controlling Analysis Load: STRENGTH  Mx, =% My, £y My, pn P, Pl K Py,
Yirtual Loads 1] -31 1] ] 1] 1]
Design-to Loads -100 -31 1] 0 1] 1]
Design-to Deformation  |-4,551252E-05 [0 0 0 0

HYOETIIZEr

© 2010 Collier Research Corporation.



FBD Math - Workspace Loads

,.).

Virtual Loads

Applied Unit Yalue
For Strength Analysis

For Buckling Analysis

Conkrolling &nalysis Load: STREMGTH  plafex

Virtual Loads

Design-to Loads

Design-to Defarmation ( -4,351252E-05

© 2010 Collier Research Corporation

M, 2 i Pl Py, M, i My, Ky Moy, g
Load j Cu:nnslzraine-:lj|cnn5trainedj Cnnstrainedj Cnnstrainedj Cnnstrainedj
-100
-100
A" B’ )
gy
Cxy
K,
B" D ||~
Ky
My, £y Py, Fmy A My, xy Py, gy
] -3l ] ] ] 0
= -31 ] i 0 0
] i 0

HYOETIIZEr



FBD Math - Workspace Loads

,.).

Virtual Loads

Applied Unit Yalue
For Strength Analysis

For Buckling Analysis

Virtual Loads

Design-to Loads

Design-to Danrmatinn( -4 3G1752E-05 N

© 2010 Collier Research Corporation

M, 2 i Pl Py, M, i My, Ky Moy, g
Load j Cu:nnslzraine-:lj|cnn5trainedj Cnnstrainedj Cnnstrainedj Cnnstrainedj
-100
-100
A" B’ )
gy
Cxy
K,
B" D ||®
Ky
Py, Fmy A My, xy Py, gy
] ] ] 0
- 31 J 0 0 0 0
] i 0




FBD Math - Workspace Loads

Virtual Loads

N,= A, N, + A", &, + ...

Contraolling Analysis Load: STREMGTH [y =x P, ey P, iw

A

Xy

My,

[

[}

[}

Yirtual Loads 0 -31 1] 0
Design-to Loads = -31J 1] 0
Design-to Danrmatinn( -4 3G1752E-05 N 0 0

© 2010 Collier Research Corporation.



Free Boundary Conditions

,.).

M, £ My, gy Py, M, ks Py, My, Kl
Aapplied Unit Yalue |Load j Free j|i:cun5trainedj Cnnstrainedj Cnnstrainedj Cnnstrainedj
For Strength Analysis — |-100
For Buckling &nalysis  |-100
; A’ B’ N
N, g,
Sx
ny [ y
—
M K
X
M B D° “y
Y K
M i
Xy
Controling Analysis Load: STREMGTH N, =x My, £y Py, o M, d Py, Py, W
YWirkual Loads
Design-to Loads -100 a 0 1] 1] 1]
Design-to Deformation  [-5,212941E-05 |1.616012E-05 [0 0 0

© 2010 Collier Research Corporation.

aypersizer



Free Boundary Conditions

,.).

mﬁﬁn Py

M, £ M, ks Py, My, Kl
Aapplied Unit Yalue |Load Free jvjnstrained j Constrained j Conskrained j Zonskrained j
For Strength Analysis  [-100 q P
For Buckling &nalysis  |-100 S ~—
. A’ B’ N
N, €
Ex
Ny | y
—-—
M K,
X
m B' D ||®
Y K
Il i
Xy
Controling Analysis Load: STREMGTH N, =x My, £y Py, o M, d Py, Py, W
YWirkual Loads
Design-to Loads -100 0 0 0 0 0
Design-to Deformation  |-5,212941E-05 |1.616012E-05 |0 0 0

© 2010 Collier Research Corporation.

aypersizer



Free Boundary Conditions

M, £ m}:y, Fey M, ke My, iy My, Kl

Aapplied Unit Yalue |Load Free jvjnstrained j Constrained j Conskrained j Zonskrained j
For Strength Analysis  [-100 q P
For Buckling &nalysis  |-100 S ~—

A" BII

Controling Analysis Load: STREMGTH N, =x Py, £ M,
YWirkual Loads
Design-to Loads -100 0 0

Design-to Deformation  [-5,212941E-05 [1.616012E-05 |0
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Free Boundary Conditions

m:ﬂn ¥y

,.).

M, £ M, ks Py, My, Kl
Aapplied Unit Yalue |Load Free jvjnstrained j Constrained j Conskrained j Zonskrained j
For Strength Analysis  [-100 q P
For Buckling &nalysis  |-100 ~—
A" B” )
€, N, =|0
Ex
Xy - y
—
M K,
X
m B" D" ||®
Y K
Il i
Xy
Controling Analysis Load: STREMGTH N, =x My, £y Py, o M, d Py, Py, W
YWirtual Loads
Design-to Loads -100 /|:| 0 0 0
Design-to Deformation  [-5.212941E405 [1.6160126-05 [0 0 0

© 2010 Collier Research Corporation.
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Free Boundary Conditions

m:ﬂn ¥y

,.).

M, £ M, ks Py, My, Kl
Aapplied Unit Yalue |Load Free jvjnstrained j Constrained j Conskrained j Zonskrained j
For Strength Analysis  [-100 q P
For Buckling &nalysis  |-100 S ~—
A" B" )
Gy Ny =l0
Note: double prime (o
i Xy
X [
y — 6x6 matrix
M K,
X
m B" D" ||®
Y K
Il i
Xy
Controling Analysis Load: STREMGTH N, =x My, £y Py, o M, d Py, Py, W
YWirtual Loads
Design-to Loads -100 /o 0 0 0
Design-to Deformation  |-5,212941E{05 [1.616012E-05 |0 0 0

© 2010 Collier Research Corporation.
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HyperSizer Failure Analyses
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e —
Analyses are Independent of Loads Sourcg

User Input by hand, (typed-in loads).
Very convenient interactive tool

Variables )i FBD Object Lc

r Input (Per Load Case)
|**ULTIMF\TE—IVIECHF\NI[C»!\L*x Load Case #1 "one" (Mechanical Set #101, Thermal Set

& Mechanical Load Set #101 "Load Set 101"
" Thermal Load Set #201 "Load Set 201"

i~ N, ex My, ey My, ooy

@ User Loads Applied Unit Value |Load ﬂ|C0n5trainec ﬂ|Def0rmati0r ﬂ
For Strength Analysis  [-2000 0.00042
For Buckiing Analysis  [-2000 0.00036
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Analyses are Independent of Loads Source

FEA Comuted Loads

© 2010 Collier Research Corporation.

,.).

User Input by hand, (typed-in loads).
Very convenient interactive tool

Variables Il

FBD

Object Lc

r Input (Per Load Case)

|**ULTIMF\TE—IVIECHF\NI[C»!\L*x Load Case #1 "one" (Mechanical Set #101, Thermal Set

® Mechanical Load Set #101 "Load Set 101"

" Thermal Load Set #201 "Load Set 201"

~

M, e

My, ooy

@ UserLoads Appled Unit Value |Load

For Strength Analysis

For Buckiing Analysis

Ny,ey
v || constrainec |

Deformatiorﬂ
-2000 0.00042
-2000 0.00036




Analyses are Independent of Loads Sourcg

User Input by hand, (typed-in loads).
Very convenient interactive tool
Variables Il

Object Lc
r Input (Per Load Case)

|**ULTIMF\TE—IVIECHF\NI[C»!\L*x Load Case #1 "one" (Mechanical Set #101, Thermal Set

FEA Computed Loads

FBD

/]
-=3"f‘f'§:f:l::"" i@ Mechanical Load Set #101 "Load Set 101"
| nm,,,‘," (" Thermal Load Set #201 "Load Set 201"
e~ N, =x Ny, ey Moy v
@ User Loads Applied Unit Value |Load ﬂ|C0n5trainec ﬂ|Def0rmati0r ﬂ
For Strength Analysis  [-2000 0.00042
For Buckiing Analysis  [-2000 0.00036

Other Sources Using HyperSizer’s Object
Model Interface:

e Loads from spreadsheets
&5

e Loads from a larger company software design
system

v

N/
-
Y g il S

rrzmmn

o
-—

v

i
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y Himpsidizer
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Appendix I: ABD of Isotropic Plate

® Reduced stiffness matrix Q
® Plane stress constitutive equation
® In-plane properties E, v, & G

© 2010 Collier Research Corporation.

E vE
1-v? 1-v?
vE E
1-v? 1-v?

0 0

0

95

o
[\
Il
O
Y

,.).
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Appendix I: ABD of Isotropic Plate
,.).

® Integrate Q over the single layer
® h,=-2, h =t/

ypeisizer
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Appendix I: ABD of Isotropic Plate
,.).

® Final ABD
Et2 VE'[2 0 0 0 0
1-v l-v
L vEt Et L
N, — 0 0 0 0 [,
N, 0 0 Gt 0 0 0 ||l ¢
NS 3 3 7;’
y S 0 0 Et : vEt : 0 y
x 12(1—1/ ) 12(1—1/ )
M K
' vEt’ Et’ y
0 0 0 0
LM, 12(1-v*) 12(1-v") L7
3
0 0 0 0 0 Gt
i 12

o7 ypeidizer
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Appendix lI: Iso Effective Elastic Constants

,.).

® Goal is reduce ABD relation of isotropic plate to
the forms:

® N, load, N, free, N, free, M free

E, = N,
X eff
tE
- eff
Ey — —ny EX

98 UneTr izer
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Appendix lI: Iso Effective Elastic Constants

,.).
® Start with isotropic ABD
‘N [A, A, 0 0 0 0][&]
Nyl [A, A, 0 0 0 0 (&
N [0 0 Ay 0 0 0 |
M, 0 0 0 D, D, 0|«
M, 0 0 0 D, D, 0 |«
(M, ] [0 0 0 0 0 Dy« ]|

99 UBST izef
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Appendix lI: Iso Effective Elastic Constants

® Invert
I Azz _Alz
Alezz_Alzz A11A22_A122
L _A12 An
& Alezz_A122 AnAzz_A122
& 0 0 1
7>?y _ A
& 0 0
L% 0 0
0 0 0

© 2010 Collier Research Corporation.
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0 0 0
0 0 0 |- _
NX
N
0 0 0 y
NS
Dzz D12 0 M X
_D122 + D11 Dzz _D122 + D11 Dzz M y
Dlz D11 o |L M s |
_D122 + D11 D22 _D122 + D11 Dzz
1
0 0 —
D33
poes | |
10 ungrolzer



Appendix lI: Iso Effective Elastic Constants

)
® Ny load, N, free, N, free, Mfree £° = A —N,
AA, — A
NX

© 2010 Collier Research Corporation.

g, = at —N,
' A11A22 _A12
_A12 A11A22 _Aizz <0

X

) AnAzz o A122 A&z
A
A,
-—vy&;
Ingidizer



Appendix l1I1: ABD1 of Isotropic Plate

® Inverted ABD - see Appendix |l

© 2010 Collier Research Corporation.

A, A,
Alezz_Alzz 2_A122
L _A12 An
£, Alezz_A122 AnAzz_A122
‘ 0 0
Vo | _
“ 0 0
Ky
L% 0 0
0 0

0

0 0
0 0
0 0
D22 _D12
_D122 + D11 Dzz _D122 + D11 Dzz
— Dlz D1 1
_D122 + D11 D22 _D122 + D11 Dzz
0 0

ypeisizer



Appendix l1I1: ABD1 of Isotropic Plate

® Simplify inverse matrix terms

l-v

AA, AL (Et)’ - (Etv)’ ) Et(1-v?) Et

Al A, Et
1
1—v?
1
_1__
A, Et
4V
Az Et
1
-1
2 [A A 0 0
e |AL Ay 0 0
el 10 0 A, 0
K, 0 0 0 D
K, 0 0 0 D,
x| [0 0 o0 0

© 2010 Collier Research Corporation.
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- Compliance

1 v
51 E E O-l
g |= il l 0 ||o
P £ E 2
V12 1 T
0 0 —
B G,
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Isotropic Plate Stiffness

1 Compliance

1 v
‘ E E
P I e
g E E
712

0 0
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0

0
1

Gl2 _

Q Stiffness
E vE
} [O_} 1-v? 1—v2
vE E
62 = 2
le 0 O
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Isotropic Plate Stiffness

,.).
1 Compliance a Stiffness
1 v 0 E : 1/E2 0
& E E o, o l-v* 1-v c
E — __V l O o 1 _ VE E 0 :
*I'|E E ? “ Oy = 112 12 )
Y12 0 0 L Ty T 0 0 G, V12
L Gl2 L i
Poisson term 1
for plates 1—v?
10 UngrolZer
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Effective Modulus (g, = 0)

4¢— Faxial _L
=5
g = AL
L

peidizer
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Convert Stress - Line Load

4—/ M. =M.t
N, =ot / / o
4— b = unit W|dth ,
o, =E & Area Moment of Inertia
3
A =Dt | — bt”
12
Membrane Bending
Unit Force Stiffness Unit Moment Bending Stiffness
. E j Et ( E j 3
.= ét - M, = | kt __Et
(1—‘/2 A 1—v? BN D“_m
Et Et’
BRI TR
12(1—v )
- Az, :
1 = DllK uner lzef
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Membrane Coupling Relationships
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Et vEt
_Nx_ 1—V2 1—V2
VvEt Et
N |=
Ny 1—v? 1-v7
Ly 0 0

Gt

1 v
Et Et
V 1
Et Et
0 0

,.).
O — -

NX
0 || N,
1 LN
Gt |

peidizer



